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SUMMARY Attenuation of counts from the more distant inferior portion of the left ventricular
blood pool in equilibrium radionuclide ventriculography may mean that inferior infarction is less
likely to be detected than anterior infarction. Fourier amplitude and phase images can be used to
map the extent and timing of regional ventricular wall motion and this study assesses their use for
the detection of anterior and inferior infarction. Normal regional values of amplitude and phase
were established in 38 individuals without evidence of cardiac abnormality. In 20 patients with
anterior infarcts, though the sensitivity of the combined left anterior oblique amplitude and phase
images was high (95%) it was lower (77%) in 39 with inferior infarcts, principally because the
sensitivity of the phase image for the detection of inferior infarcts was only 39%. Right anterior
oblique images generated from a first pass study detected all 13 patients with inferior infarcts. The
mean left ventricular ejection fraction was significantly lower in the patients with anterior infarcts
(37%) than in those with inferior infarcts (48%). Although the mean wall motion score on x ray
contrast ventriculography was slightly lower in the patients with anterior infarction, the high
sensitivity of the right anterior oblique amplitude and phase images in inferior infarction suggests
that attenuation of counts is an important cause of reduced sensitivity of the left anterior oblique
images. This may also partly explain the lower ejection fractions in inferior infarction.

It follows that both a right anterior oblique first pass study and a left anterior oblique equilibrium
study are necessary for an accurate description of regional wall motion.

Radionuclide ventriculography permits the non-
invasive evaluation of global and regional left ven-
tricular function. Regional wall motion can be asses-
sed by viewing a cine display of the ventriculogram,
but the Fourier phase and amplitude images'2
provide a more objective assessment.3 These images
quantify the magnitude and timing of count changes
in each pixel of the ventriculogram by assuming that
the individual pixel activity-time curves approximate
to the fundamental frequency of their Fourier trans-
form. The amplitude image can be regarded as
showing the extent of wall motion and the phase
image as showing the time of minimum counts
expressed as a fraction of the cycle. The parametric
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images show motion of all parts of the left ventricle
and they differ from methods that display contours;
these only show motion of walls that are perpen-
dicular to the plane of projection. Together, the
images detect abnormal wall motion because abnor-
malities of both the extent and timing of contraction
occur after myocardial infarction.45

In the usual left anterior oblique projection, each
left ventricular pixel represents a narrow column of
blood passing from the anterior to the inferior wall.
Changes in counts are the result ofmotion of both of
the walls, and abnormal motion of either will lead to
abnormalities of amplitude and phase. This may
make it unclear which part of the ventricle is giving
rise to an abnormality, but in practice the ambiguity
can be resolved by the recognition of common
pattems of wall motion. For instance, an amplitude
defect in the centre of the left ventricle could
represent either anterior or inferior hypokinesis, but
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tricular image, with a normal phase image, although
there may be a small area ofabnormally high phase at
the apex if the inferior infarct is extensive. Small
inferobasal infarcts may not be detected at all.
We evaluated the differential sensitivity of

amplitude and phase images obtained in the left
anterior oblique projection in anterior and inferior
infarction and the role of right anterior oblique first
pass imaging.

Patients and methods

Fig 1 The left ventricle was divided into eight overlapping
quadrants in the phase image (a) and three sectors in the
amplitude image (b). Mean values were calculated in each
region.

anterior hypokinesis is usually associated with septal
hypokinesis whereas inferior hypokinesis is not.
A further problem arises from the attenuation of

counts from the more distant portion of the blood
pool, which means that abnormalities of amplitude
and phase in inferior infarction may be small com-
pared with those in anterior infarction. Often there is
an amplitude defect in the centre of the left ven-
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Fig 2 The left ventricular perimeter on the x ray
ventriculograms was divided intofive segments and wall
motion in each was assessed as hyperkinetic (3), normal (2),
hypokinetic (1), akinetic (0), or dyskinetic ( - 1).

Equilibrium radionuclide ventriculography was per-
formed in a left anterior oblique projection with a 300
caudal tilt after in vivo erythrocyte labelling with 740
MBq of technetium-99m sodium pertechnetate. We
used a General Electric Portacamera IIC with a 200
mm field ofview, interfaced to an Informatek Simmis
III computer, to acquire 16 frames per cardiac cycle
with electrocardiographic gating. There were
320 000 counts per frame and data from cycles that
followed one lasting more than 115% of the mean
were rejected. To compensate for the shortfall of
counts in the final frame caused by short cycle
lengths, each frame was standardised according to
thenumber of cycles contributing to it. Fourier phase
and amplitude images were generated after temporal
and spatial smoothing. The left ventricular ejection
fraction was calculated from count changes within a
left ventricular region of interest after automatic
background subtraction by means of a functional
technique.6

First pass radionuclide ventriculography was per-
formed in a right anterior oblique projection before
the equilibrium study; the technique we used was
described elsewhere.7 Data were acquired in list
mode and counts obtained during the passage of the
bolus through the left heart were reformatted into a
representative cine cycle of 16 frames. This usually
included eight to twelve cardiac cycles, with 1000-
4000 counts within the left ventricle at end diastole.
Phase and amplitude images were generated in an
identical fashion to the equilibrium study.
To establish normal regional values of amplitude

and phase, we studied 38 subjects without evidence
of cardiac disease. These were patients being inves-
tigated for suspected cardiac disease but in whom
coronary arteriography and x ray contrast left ven-
triculography were normal. Values within two stan-
dard deviations of the mean in these subjects for the
whole left ventricle and for eight quadrantic regions
were regarded as normal (fig la). Amplitude was
expressed as a percentage ofthe maximum amplitude
within the left ventricle, and normal values were
established for the whole ventricle and for three 120°
sectors, representing the base, the anteroseptal wall,
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Table I Characteristics of thegroups ofpatients with
anterior and inferior infarcts

Characteristic Anterior Inferior

Total number 20 39
Age (range) 52 (36-70) 54 (37-73)
Sex 19M, 1 F 36M,3F
ECG findings:

Anterior or anteroseptal Q wave 16 0
Inferior or inferolateral Q wave 2 35
LBBB 0 2
Normal 2 2

Extent of disease:
Three vessel disease 14 30
Two vessel disease 3 4
One vessel disease 3 5

Vessels diseased (occluded):
LAD 20 (16) 34 (1)
LCx 17 (0) 30 (2)
RCA 14 (4) 39 (23)

ECG, electradiogram; LAD, left anterior descending; LCx, left
circumflex; RCA, right coronary artery; LBBB, left bundle branch
block.

and the posterolateral wall (fig lb).
Thirty nine patients with a single transmural

inferior myocardial infarct and 20 with a single
transmural anterior infarct were studied by radio-
nuclide ventriculography (table 1). An equilibrium
study in the left anterior oblique projection was
performed in all patients, and a first pass study was
performed in the right anterior oblique projection in
13 of the patients with inferior infarction. In each
patient, mean regional amplitude and phase in the
left anterior oblique images were compared with the
results in patients without cardiac disease, and mean
values in the right anterior oblique images were
compared with previously established normal
ranges.7

Infarction was diagnosed on the grounds of his-
tory, electrocardiographic changes, and abnormal
wall motion on a right anterior oblique x ray contrast
ventriculogram. The reasoning behind selection was
to obtain two groups with abnormal motion that was
as nearly as possible restricted to the anterior or the
inferior left ventricle. Patients with Q waves in only
the septal or the lateral leads were excluded, but those
with Q waves in the septal or lateral leads in addition
to the anterior or inferior leads were included. An
experienced cardiologist who was not aware of the
radionuclide findings analysed the x ray ven-
triculograms. The perimeter of the left ventricle was
divided into five equal sectors representing the
anterobasal, anterior, apical, inferior, and inferobasal
areas (fig 2). In each area, wall motion was classified
as hyperkinetic, normal, hypokinetic, akinetic, or
dyskinetic. Patients with equal grades ofabnormality
ofboth the anterior and inferior walls were excluded,
but patients with akinesia or dyskinesia of the
anterior wall and hypokinesia of the inferior wall
were included in the anterior group and vice versa.

Patients with abnormalities in the apical sector were
included in the anterior or inferior group according
to whether adjoining abnormalities were present in
the anterior or inferior wall.

Results

Table 2 shows the values for amplitude and phase in
the normal individuals. There were no regional
variations in phase, but mean basal amplitude was
significantly lower than the global value (p < 0 01)
because of the overlap between the left atrium and
ventricle. Amplitude in the septum was lower than in
the lateral wall (p < 0-01).
Table 3 shows the wall motion scores in the two

groups ofpatients. The mean total wall motion score
was slightly lower in those with anterior infarcts than
in those with inferior infarcts, but the difference was
not statistically significant (p > 0 05 by Student's t
test). The main regional abnormalities were in the
anterior and apical regions (2 and 3) in anterior
infarction, and in the inferior and inferobasal regions
(4 and 5) in inferior infarction.
Mean (SD) left ventricular ejection fraction in the

group with anterior infarcts was 37-2 (18-8)% and
48*0 (14X3)% in the group with inferior infarcts (p <
0 05). Seventeen patients (85%) in the group with
anterior infarcts and 23 patients (59%) in the group
with inferior infarcts had abnormal ejection fractions
(<50%).
Table 2 Normal mean (SD) of amplitude and phase in the
whole left ventricle (LV), and in the three regions shown in
fig lbfor amplitude and the eight regions shown infig lafor
phase

LV 1 2 3 4 s 6 7 8

Amplitude:
Mean(%) 58 51 55 62 - - - - -

SD(%) 50 6-9 4-2 5-1 - - - - -

Phase:
Mean (e) 135 136 134 136 136 133 135 136 138
SD (-) 14 15 14 14 14 15 15 15 15

The amplitude values are expressed as percentage of the maximum
value in the left ventricle.

Table 3 Mean total and regional wall motion scoresfrom
x ray contrast ventriculography in the patients with anterior
and inferior infarcts

Total 1 2 3 4 5

Anterior:
Mean 4*9 19 03 0-1 09 1-7
SD 2-24 0 30 0-68 1-02 0-86 043

Inferior:
Mean 5-4 19 1-5 1-2 0-5 0 3
SD 195 0 35 0-63 1.10 0-62 0 49

Regions 1 to 5 correspond to the anterobad, anterior, apical,
inferior, and inferobal regions respectively (fig 2). The scores
were assigned as: 3, hyperkinesis; 2, normal; 1, hypokinesis; 0,
akinesis; -1, dyskinesis.
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Fig 3 Left anterior oblique (top) and right anterior oblique (bottom) amplitude (left) andphase images (right) in a patient
with inferior infarction. The normal ventricular phase is green and there should be high values of amplitude within the left
ventricle (red). The left anterior oblique images are normal apartfrom a slight reduction in lateral amplitude. The right
anterior oblique images show inferobasal abnormalities.

Table 4 Numbers (%) ofpatients in the groups with
anterior and inferior infarcts with abnormalities of the
amplitude and phase images seen separately and in either the
amplitude or the phase image obtained in the left anterior
oblique projection

Table 4 shows the numbers and percentages of
patients with abnormalities in the amplitude and
phase images obtained in the left anterior oblique
projection. The images were more sensitive detectors
of anterior infarction than of inferior infarction. The
X2 test showed a significant difference in sensitivity
for the phase image alone (p < 0-001) but not for the
amplitude image or for the two images combined
(p > 005).
The amplitude image obtained in the right anterior

Amplitude Phase Amp + phase

Anterior 16 (80) 19 (95) 19 (95)
Inferior 26 (67) 19 (39) 30 (77)
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Table 5 Numbers (%) ofpatients with inferior infarcts (of
the 13 studied in two projections) who had abnormalities of
the amplitude and phase images in the left and right anterior
oblique projections

Amplitude Phase Amp + phase

Left anterior oblique 7 (54) 4 (31) 7 (54)
Right anterior oblique 13 (100) 11 (85) 13 (100)

oblique projection was abnormal in all 13 patients
studied in both projections and the phase image was
abnormal in 11 (table 5). The x2 test showed a
significant difference in sensitivity between right
anterior oblique and left anterior oblique images for
the detection of inferior infarction (p < 0 001 for
amplitude and p < 0 01 for phase).

Figure 3 shows the findings in a patient with
inferior infarction. The amplitude and phase images
in the left anterior oblique projection are normal, but
the right anterior oblique images both show abnor-
malities of amplitude and phase that are typical of
infarction of the inferior wall.

Discussion

The results show that amplitude and phase images
obtained in the left anterior oblique projection are
highly sensitive (95%) detectors of anterior infarc-
tion but that they are less sensitive (77%) detectors of
inferior infarction. Most of the loss of sensitivity was
the result of the phase image, which was abnormal in
95% of patients with anterior infarction but in only
39% of those with inferior infarction. Because an
abnormal value was defined as one that was more
than two standard deviations from the normal mean,
the specificity for each test was 97%.
There are two possible reasons for the reduced

sensitivity. Attenuation of counts from the more
distant inferior portion of the blood pool means that
motion of the inferior wall of the left ventricle
contributes less to changes in counts seen in each
pixel. For a ventricle of average size the attenuation
of counts from the inferior wall is approximately
three times greater than that from the anterior wall.
An alternative explanation is that the abnormalities
of wall motion were less severe in the group with
inferior infarcts. Global wall motion score in anterior
infarction was less than in inferior infarction and
though the difference was not statistically significant,
there was a significant difference (p < 0 05) between
the two regions with the main abnormalities (anterior
and apical for anterior infarction, and inferior and
inferobasal for inferior infarction). Attenuation does
not differ in the right anterior oblique projection,
however, and because the right anterior oblique
images were abnormal in every case of inferior
infarction, attenuation must make a considerable

contribution to the reduced sensitivity. If the
severity of the abnormality of wall motion were the
only explanation, then the amplitude and phase
images would have been expected to be equally
sensitive in the two projections.

It is difficult to explain why the sensitivity of the
phase image is less than that of the amplitude image
in inferior infarction. If two similar curves with
different amplitude are summed, the resultant
amplitude is equal to the mean amplitude of the
components. Phase is a more complex variable,
however, and it does not follow that summing two
curves with different phase produces a curve with
phase between that of the components. It is possible
that a volume curve with high phase and low
amplitude from the inferior portion of the ventricle,
added to a normal curve from the anterior portion,
results in a curve with reduced amplitude but normal
phase.

Attenuation will also affect the calculation of
ejection fraction and this has been shown in phantom
studies by Schneider et al.8 In patients with previous
infarction, Reduto et al reported a mean left ven-
tricular ejection fraction of34% after anterior infarc-
tion and one of 50% after inferior infarction,
measured by radionuclide ventriculography9; these
values are similar to the 37% and 48% in this study.
A lower ejection fraction after inferior infarction has
also been described in x ray ventriculography,'0 but
in view ofthe findings in this study, at least part ofthe
difference must be because the radionuclide volume
curve is weighted by counts from the anterior portion
of the ventricle.
We found that amplitude and phase images

obtained in the left anterior oblique projection were
very sensitive detectors ofanterior infarcts but less so
of inferior infarcts. Much of the reduced sensitivity
arose from the phase image. Right anterior oblique
images were very sensitive detectors of both anterior
and inferior infarcts. The findings can be accounted
for by a combination of attenuation of counts from
the inferior portion of the blood pool and less severe
wall motion abnormalities in inferior infarction. The
lower ejection fraction in anterior infarction is also
partly the result of attentuation, and radionuclide
ejection fraction is overestimated in inferior infarc-
tion. We believe that a combination ofa right anterior
oblique first pass study and a left anterior oblique
equilibrium study gives the most reliable assessment
of regional wall motion.
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